is affected by the population and transportation in China besides the weather conditions after endogenizing the prices. Our results suggest that it is more reasonable and efficient to implement policies to adjust the livestock market in order to control the livestock inventory than to implement policies directly on the grassland or the farm level. In addition livestock is an environment-sensitive industry so it is necessary to improve the environment in order to ensure its development.
Introduction
Inner Mongolia Autonomous Region (IMAR) is one of the five autonomous regions and the largest pasture in China, where the grazing is one of the most important industries. Because of the grassland, IMAR also plays an important role in maintaining the ecosystem. The research related to livestock inventory has interested economists for many decades. Compared to other agricultural commodities, livestock is special because it has a nature of the biological lags which delay the response to the market. As a result, both past and anticipated prices are important determinants of production plans. As mentioned, grazing has close correlation with ecosystem. For example, overgrazing is considered as the main cause of grassland degradation in northern China (Han et al., 2008; Zhao et al., 2006; Li and Ji 2004) Research about livestock inventory is complex because the dynamic cycle is hard to be simulated by economic models. But still this area is of great interest to economists. Jarvis (1974) ; Melton (1980) ; Rucker, Burt, and LaFrance (1984) ; Trapp (1986); Chavas and Klemme (1986); and Schmitz (1997) investigated the dynamic behavior underlying the livestock inventory through analyzing the replacement and culling decisions. In their studies, cattle are treated as capital. The models are mainly based on biological factors. The economic and environmental influences are considered as they affect the probability of replacement and culling decisions.
Jarvis examined the inventory of cattle by treating cattle as capital goods and producers as portfolio managers. The managers sought the optimal combination of different categories of animals to complement their non-cattle assets and then to maximize profit. This process results in the expected inventory of cattle. Melton extended Jarvis's study by considering the role of genetic improvement which was done on the experimental herd. Chavas and Kleme investigated the milk supply and 3 the change of dairy herd. They considered a model of population growth, where the replacement decision and the culling decision would be affected by the milk price, slaughter price, and feed cost. Similar to Chavas and Kleme's work, Schmitz set up a replacement probability to introduce the economic and environmental effect (interest rate, Palmer Drought Severity Index, etc.) into the age dynamics model. Trapp's model is different from those mentioned above. He employed financial thoughts in his work where replacement and culling were treated as investment and disinvestment respectively in a firm. The firm's cost curve and the discounted net revenue flows affected the firm size (inventory of the beefbreeding herds). And, instead of estimating the dynamic adjustment process underlying cattle inventory behavior (replacement and culling), Rucker, Burt, and LaFrance employed a rational lag function including cattle prices, feed cost, and weather variables as an approximation.
One of the similarities of the past research is that it focuses more on the change of the inventory through a biological process rather than a supply-demand chain in the industry, even though some market factors have been included through their impacts on the replacement decision. In fact, market and farm are separate and they interact by price. Therefore it is logical to analyze market and farm separately and then to examine their interaction in terms of prices. In the market, supply shifters and demand shifters can impact the price, and then the changes of price will impact the inventory in the farm. In other words, price is endogenous. Tryfos (1974) separated livestock supply and inventories in his work.
The relationship between supply and inventory is that the supply is the changes of inventories in different periods. Price is still exogenous. It affected the inventory first and then the supply. Arzac and Wilkinson (1979) realized that feed grain prices were endogenous so that the dynamics of the interaction between the livestock and feed grain markets might be analyzed. They incorporated the endogenous variables by allowing individual structural equations to be estimated and to enter into the solution of the model with different periodicities.
Besides the ignorance of the activities in a market and the endogeneity of the prices, another limitation of previous research is that most research lacks the influence of the environment. Fortunately, some recent studies have noticed the environmental influence on the inventory. For example, Belasco (2013) analyzed the impact of droughts on ranchers' decision regarding herd size by using statewide panel data series from 1945 to 2012 and a first-difference fixed effects panel estimator.
Most research tries to make the dynamics of the inventory more close to the reality by addressing different assumptions or introducing variables to the econometric model. The methodology developed in the previous studies provides both theoretical and econometrical bases for this research. However, most research ignores the logic underlying the inventory and the retail market, in particular their interaction. In this case, this paper attempts to make it clear by connecting the dynamics of livestock inventory and the effect of market through endogenizing the prices of the livestock products.
The organization of this paper is as follows. The second section specifies the model; the third explains the variables and data; the fourth discusses the estimation and results; and the fifth summarizes the main findings of the paper. is the domestic demand elasticity; (< 0) is the export demand elasticity;
Model specification

Theoretical model
(> 0) is a parameter that represents the proportionate downward shift in the domestic supply curve due to some exogenous factor, i.e., the shift in the price direction holding quantity constant; (> 0) is a parameter that indicates the proportionate upward shift in the domestic demand curve due to some exogenous factor; (> 0) is the proportionate upward shift in the export demand curve due to some exogenous factor; = ⁄ is the share of domestic production consumed within Inner Mongolia; and = ⁄ is the share of domestic production exported ( + = 1).
The model contains four endogenous variables ( * , * , * , and * ) and three exogenous variables or shift parameters ( , , and ). At issue is the effect of the supply and demand shifters on the equilibrium level of livestock production. The equilibrium level of production is the level that takes into account price changes induced by supply or demand shifts. To determine that, first solve the model for the price effect of the shift variables If Inner Mongolia is a small exporter such that it faces a perfectly elastic demand curve in the export market, equations (5) and (6) reduce to
In this instance, domestic demand shifters have no effect on the equilibrium level of livestock production. The reason is that with perfectly elastic export demand, shifts in domestic demand have no effect on equilibrium price, and without a price effect there is no production response. This is shown in figure 1 where a rightward shift in the domestic demand curve from D to D' causes offsetting changes in domestic consumption and exports, leaving domestic production unchanged at its initial equilibrium level .
Inventory Relation
The model is completed with an equation for livestock inventory. Following Rucker et al. (1984) , the following structural relation is posited. Importantly, expected livestock price has an ambiguous effect on desired herd size. The reason is that livestock properly is viewed as a capital good (Jarvis 1974) .
Consequently, an increase in the price of the livestock item has two opposing effects on producers' decisions. As noted by Rucker et al. (1984, p. 135) , the price increase causes producers to expect higher prices in the future, which provides an incentive to increase breeding stock to take advantage of the higher future price.
hand, the price increase encourages producers to sell livestock immediately to profit from the current high price. This is analogous to Jarvis's "consumption demand" for livestock. Depending on which motive dominates (the investment motive or the consumption motive), equation (9) may be upward-sloping or downward-sloping with respect to expected price.
To implement equation (9) an equation must be found to represent desired herd size ̃, as this variable is unobservable. For this purpose, this study adopts the partial adjustment model.
where is observed herd size, and is the "elasticity of adjustment" (Nerlove 1958) . The relationship between observed and desired herd size may be found through proportionate differentiation of equation (10). Suppressing time subscripts and rearranging terms, the equation of interest is
The proportionate change in desired herd size in any given period lies between the proportionate change in observed herd size in that period and the proportionate change in observed herd size in the previous period. If adjustment costs are low such that ≈ 1, the observed adjustment in the current period is close to the desired adjustment, i.e., * ≈̃ * . In this situation, producers are able to respond quickly to supply and demand shocks and the observed herd size in any given period is close to the desired herd size. The opposite is true if adjustment costs are high such that ≈ 0. In this situation * ≈ −1 * and the time required to achieve the desired herd size in response to a supply or demand shock can be quite lengthy.
Equations (11) and (9) Observed herd size is a function of expected price, expected costs, weather, and observed herd size in the previous period. The coefficients of � * , � * and * are short-run elasticities. The short-run elasticities approach their long-run counterparts as → 1. If = 1 adjustment costs are zero and equation (13) reduces to equation (12), the static specification.
It remains to eliminate expected price and expected costs, as these variables are unobservable as well. For this purpose, this study assumes naïve expectations. Setting � * and � * equal to their observed values in the current period, equation (13) Observed herd size is a function of observed livestock price, observed inventory costs, weather conditions, and observed herd size in the previous period (lagged dependent variable or LDV). An intercept 0 is included in equation (14) to account for autonomous shifts in the inventory relation due to factors that change gradually over time but that are not specified in the model.
Total Elasticities
Equation (14) is a structural equation. As such, the coefficients of * and * tell the effect of changes in inventory costs and weather on desired herd size when livestock price is held constant. In reality, livestock price will change in response to changes in market shifters. When Inner Mongolia is a small exporter, i.e., it faces a perfectly elastic demand curve in the export market, the price will change in response to the export demand shifters.
To account for the potential endogeneity in livestock price, and to incorporate demand shifters into the inventory relation, first rewrite equation (5) in the simpler form (14) The parameters associated with these shift variables have indeterminate signs as follows
With the maintained hypothesis that feed and other costs associated with herd maintenance are exogenous to the livestock subsector under consideration (e.g., sheep), the coefficients of equation (15) can be interpreted as reduced-form elasticities. Specifically, � tells the percentage change in herd size associated with an isolated 1 percent change in inventory costs, letting livestock price adjust. A similar interpretation applies to . Because "total" elasticities that let price adjust in general are smaller than "partial" elasticities that hold price constant (Piggott 1992), the estimates of � and obtained from the reduced form (equation (15)) are expected to be smaller than the estimates obtained from the structural equation (equation (14)).
Small Exporter Hypothesis
If Inner Mongolia is a small exporter = = 0 and domestic supply and demand shifters have no effect on price (see equation (7)). In this instance, If Inner Mongolia is too small a player in world markets to affect terms of trade, the only variables to affect herd size are export demand shifters, inventory-specific costs, and weather. Since equation (15) Table 1 
Variables and data
Model estimation and results
Model estimation
The logarithmic first-difference forms of the structural equation (14) To simplify the notation, the additive error terms are omitted from the equations. is the prices (adjusted by CPI) of beef, mutton, wool, and cashmere; represent the forage cost; includes the indicators of the temperature, precipitation, and radiation; −1 is one-year lagged livestock inventory; , , and represent the domestic supply shifters, domestic demand shifters, and export demand shifters as introduced in the variable section.
As analyzed, the equation (14') represents the effect of the price, forage cost, weather, and previous livestock inventory on the present inventory. As introduced before, the effect of price is ambiguous and it depends on the herders' choice between "investment demand" and "consumption demand". If the herders choose "investment demand", they will hold the livestock and then the livestock inventory will increase. But if the herders choose "consumption demand", they will sell the livestock and then the livestock inventory will decrease. As assumed, the increase in the forage cost will decrease the livestock inventory, increase in the values of the weather index means good weather which benefits the pasture and then increases the inventory, and the adjustment indicator ( ) will be positive but less than 1.
Reduced equation (15') is obtained by endogenizing prices. If Inner Mongolia is
a large open economy, the prices of the livestock products will be affected by both 
Results
Prices are assumed to be exogenous in structural models. The estimation of the structural models shows that the effect of the wool price on the inventory of sheep is significantly negative. But the price of beef, mutton, and cashmere has no effect on the inventory of cattle, sheep, and goats. 1% increase in the wool price 
Conclusions
This paper examines the factors affecting the inventory of livestock in IMAR.
Specially, attempt to understand the effect of market on the inventory of livestock.
Based on the livestock products market, an equilibrium displacement model ( One of the contributions in this study is that it considers the influence of market shifters, i.e. income, population and transportation by endogenizing the prices. After endogenizing, the results show that IMAR is a large exporter in the cattle market but a small exporter in the sheep and goats market. That means the domestic shifters can affect the cattle products market but cannot affect the sheep and goats products market. It is the reason why the costs to adjust sheep and goats increase. In this case, the effects of the population and transportation are significant on the inventory of cattle and goats. The increase in the population increases the export demand and the increase in the road length allows the herders to liquidate the livestock inventory in response to increases in export demand. Based on the results, the dzud just reduced the inventory of cattle. The results also indicate that the inventory of cattle and goats increased after the implementation of the grassland protection policy. According to the previous studies, the reason is that the subsidy given to the herders is limited. In addition, series of policies were carried out in 2000 so the effect of policy in this study is actually mixed.
To summarize, the livestock inventory is more sensitive to the weather and the market factors than the policy. On one hand it is necessary to improve environment to ensure the development of the livestock industry. On the other hand herders adjust the inventory in response to the demand in both domestic and export markets. Therefore it is better to complement policies which can affect the price or demand in the market to control the livestock inventory and then reduce the grazing scale to protect the grassland. 
